Purpose: To compare the effects of adding a progressive multimodal rehabilitation program to usual care (MRP + UC) versus UC alone on 1) functional mobility, strength, endurance and 2) ventilator weaning and discharge status of patients with ICU-acquired weakness (ICUAW) receiving prolonged mechanical ventilation (PMV). Methods: Randomized pilot trial of an individualized MRP + UC versus UC in middle-aged and older ICU survivors with ICUAW receiving PMV. Outcomes compare changes in strength, mobility, weaning success and discharge home from a long-term acute care hospital (LTACH) between the groups. Results: Eighteen males and 14 females (age 60.3 ± 11.9 years) who received PMV for ≥14 days were enrolled. Despite no significant differences between groups in the changes in handgrip, gait speed, short physical performance battery or 6-min walk distance after treatment, the MRP + UC group had greater weaning success (87% vs. 41%, p b 0.01), and more patients discharged home than UC (53 vs. 12%, p = 0.05). Post hoc analyses, combining patients based on successful weaning or discharge home, demonstrated significant improvements in strength, ambulation and mobility. Conclusion: The addition of an MRP that improves strength, physical function and mobility to usual physical therapy in LTACH patients with ICUAW is associated with greater weaning success and discharge home than UC alone.
Background
Approximately half of the patients admitted to intensive care units (ICUs) are over the age of 65 years [1] and develop some degree of muscle weakness [2] . This ICU -acquired weakness (ICUAW) is attributed to the inflammation, prolonged bed rest, medical/surgical interventions and therapeutics [3] [4] [5] associated with critical illness, and results in the loss of functional independence [6, 7] and reduced quality of life [8] . These patients' weakness is associated with greater disability [9] , extended hospitalization [10] , prolonged mechanical ventilation (PMV) [11, 12] and increased post-ICU mortality [13, 14] making their management challenging when transferred to long term acute care hospitals (LTACHs) for physical rehabilitation and ventilator weaning.
Although the management of critically ill patients emphasizes mobility-based rehabilitation early in the course of an ICU stay [15] [16] [17] [18] [19] , efforts may be limited by severity of illness, level of sedation, muscle atrophy and weakness that delays rehabilitation until transition from the ICU to an LTACH. The few single arm studies examining the effects of short term, progressive physical rehabilitation on the functional and clinical outcomes of older PMV patients with ICUAW residing in LTACH facilities demonstrate improvements in pulmonary mechanics [20] , limb strength [21] , ambulation [22] , and one-year survival [23] . To our knowledge there are no randomized trials examining the effectiveness of more intense, targeted physical rehabilitation on mobility function and more relevant clinical outcomes of successful ventilator weaning and discharge home in this chronically ill, disabled LTACH population.
We hypothesize that the addition of a multimodal rehabilitation program (MRP) that combines muscular strength and endurance training with functional retraining to usual care (UC) in a LTACH population can improve 1) functional mobility, strength, and endurance, and 2) ventilator weaning and discharge status of mechanically ventilated survivors of critical illness with ICUAW. To test this hypothesis, we performed a pilot study, randomizing these patients to either UC or MRP + UC to assess the feasibility and efficacy of the addition of the MRP on functional and clinical outcomes. As additional therapy, we posit that the MRP would either provide no additional improvements in function or clinical outcomes, or demonstrate that adding better, more frequent treatment results in better clinical outcomes and prognosis for recovery.
Methods

Patient characteristics
This single center, prospective pilot study was conducted in patients with ICUAW, aged ≥50 years receiving PMV on admission to an LTACH for continued medical care, rehabilitation and ventilator weaning. Those who met eligibility criteria (Table E1 , Supplementary Materials) and provided informed consent underwent baseline functional assessments and were randomized to receive either UC or MRP + UC. Patients received serial functional assessments (identical to baseline testing) every 2 weeks that consisted of validated functional measures: 1) handgrip [24] ;2) Short Physical Performance Battery (SPPB) [25] ; 3) 4 m walk gait speed [26] ; 4) 6 min walk distance (6MWD) [27] ;5) manual muscle testing [28] ; and 6) bedside assessments of basic functional mobility, including rolling, supine to sit, sitting, sitting for 5 min, sit to stand at bedside, sit to stand at chair, stand and pivot, standing for 1 min and ambulation. Each basic mobility maneuver was scored on a seven-level ordinal scale reflecting the amount of assistance the patient required to perform each task (0 = dependent, 1 = maximal assistance, 2 = moderate assistance, 3 = minimal assistance, 4 = contact guard, 5 = supervision, 6 = independent). Due to limited research staffing, only 2 patients could be enrolled in the MRP group at any given time; thus, 2 of the 32 patients that were enrolled were assigned to UC when research physical therapists (PTs) were not available.
PTs blinded to the interventions performed all baseline and followup assessments. To prevent bias, PTs other than those who performed the initial assessment conducted the training sessions in the MRP, while hospital PTs performed the UC rehabilitation. Patients received a maximum of eight weeks of MRP intervention training; their participation in the study was terminated early if they were discharged from the LTACH. This study was approved by the University of Maryland, Baltimore Institutional Review Board.
Multimodal rehabilitation program
The MRP is a progressive, patient-specific rehabilitation program that incorporates activities based upon each patients' functional level, categorized into bed dependent, chair dependent and ambulatory groups. It was created based on our experience examining all maneuvers before initiation of the study in a cohort of 15 patients, of various levels of mobility ranging from bed dependent to chair dependent to ambulatory to determine its feasibility for each level of functional status. Based on this cohort's tolerance and ability to perform each maneuver, we developed a core list of exercises that served as the basis of the MRP ( Table 2 ). The MRP combines principles of physical therapy with exercise science to provide progressive functional retraining with the goal to increase muscular strength and cardiopulmonary endurance and progress the patient to a higher level of mobility. The muscle strengthening and endurance, aerobic conditioning, and functional mobility activities physiologically challenged patients within each functional category to progress to the next higher level of function. The muscular strength and endurance training are both closed and open kinetic chain to promote functional improvements based on the patients' limitations. The duration of the MRP sessions was 45-60 min, 3 times/week at a different time of day from usual PT, occupational therapy, or recreational therapy sessions. Research PTs delivered the MRP, while the hospital therapists provided UC therapy; thus the MRP + UC group had more rehabilitation sessions/week Rehabilitation intensities were based on the patient's heart rate, blood pressure, oxygen saturation and subjective reporting of exertion during activities using the Modified Borg Perceived Exertion Scale, or rating of perceived exertion (RPE), which uses a scale of 0 (no exertion) to 10 (maximal exertion) [29] . To promote training effects, the intensity, duration, and type of activity were modified during each PT session to an RPE of 3 to 5 to achieve a perception of moderate to vigorous exertion with prescribed rest periods that avoided full return to resting state according to the RPE. Supplementary oxygen and/or ventilator support was provided to patients during the MRP at a level equivalent to the highest oxygen level or ventilator settings required over the 72 h to meet their respiratory needs during rehabilitation.
The bed dependent patients required more than minimal assistance to complete supine to sit and sit to stand transfers. The MRP for these patients focused on closed kinetic, manually resistive functional exercises, and assisted functional activities such as transfers, edge of bed balance, pre-standing functional activities, strength, flexion and aerobic activities until they were able to transfer to a chair with minimal assistance, at which time they graduated to chair dependent.
The chair dependent patients required more than minimal assistance to complete standing, balance and pre-ambulation activities. The MRP for these patients focused on standing transfers and balance, prewalking activities and progression of aerobic training. Modified closed kinetic exercises addressed strength, power and endurance aimed at retraining patients to transfer from bed to chair and initiate gait training. Joint mobilization, proprioceptive neuromuscular facilitation and manipulation treated range of motion deficits that restricted progression of functional mobility training. Modified closed kinetic exercise training focused on improving mobility, specifically progression from low mobility maneuvers (rolling, sitting up) to sitting and rising from a chair, independent standing and then ambulation. Patients were considered ambulatory when they were able to ambulate with minimal assistance for at least 25 ft. All groups also completed upper and lower body seated cycling to promote aerobic endurance and strength using a workload that permitted up to 20 min of cycling.
The MRP for the ambulatory patients focused on dynamic standing activities, pre-stair climbing and higher levels of muscle endurance training like squats, cycling and standing initially for 90 s and then to an RPE of 5. Additional emphasis was placed on gait, dynamic standing activities, and higher level functional activities like step-ups and standing hip extension/abduction maneuvers to strengthen muscles needed for walking. Patients who were ambulatory but still required LTACH care for complex post ICU medical management and continued ventilator weaning were still eligible for participation in this study if they met all study inclusion criteria.
Usual care rehabilitation
Usual care consisted of basic rehabilitation activities by LTACH PTs that exercised muscles in isolation without consideration of the physiological responses of intensity, effort, fatigue, quality of movement or endurance. Methods included training in sitting and balance, sit-tostanding, transferring from bed to chair, strengthening activities in and out of bed, and gait and assisted standing activities. However, this mobility training was not progressed systematically to achieve a training effect. Vital signs were usually monitored at the beginning and the end of the session, but not used to progress intensity, duration or recovery time. Oxygen was provided as needed to maintain oxygen saturation of ≥92% and meet their respiratory needs during therapy.
Analytical methods
Data are expressed as mean ± standard deviation, medians with interquartile ranges, or counts with percentages. Pearson's chi square test or Fisher's exact test, Student's t-test, and the Wilcoxon rank-sum tests compared the proportion of patients successfully weaned, the median number of ventilator days, and discharge disposition (home, skilled nursing facility, acute care facility, remained in LTACH) of patients in UC and MRP groups (SAS 9.3, Cary NC, USA). Successful weaning from PMV was defined as the ability to tolerate tracheostomy collar for 48 h without mechanical ventilator support, or 7 consecutive days requiring only nocturnal ventilation for ≤8 h [30] . Patients not weaned prior to discharge from the LTACH or were transferred from the LTACH still requiring mechanical ventilation were assigned 56 ventilator days, corresponding to the maximum length of follow-up (eight weeks). Linear regression compared the change (final -baseline value = group + initial value) in the UC and MRP groups. Because many patients were discharged or transferred from the LTACH prior to the completion of the 8-week study period, the changes in functional measures were calculated using a last value carried forward paradigm, wherein the last measurement obtained, whether at 2, 4, 6 or 8 weeks, was used as the post-treatment value. Post-hoc analyses used ANOVA to determine whether there were significant differences in the changes in the basic mobility and functional measures of patients that successfully weaned or not and those who were discharged home or elsewhere, regardless of treatment group. All patients were included in the intent to treat analysis. A 2-tailed p value ≤0.05 indicated statistical significance.
Results
Baseline demographics, functional measures and physical therapy
Eighteen male and 15 female patients 60.3 ± 11.9 years of age with comparable mean baseline characteristics were enrolled from August 2013 to March 2015 (Table 1) . One patient withdrew shortly after signing consent (Fig. 1) . All patients met 4 of 5 necessary criteria for ICUAW as defined by Stevens (Table E1 , Appendix). At baseline, patients in both groups were similarly weak, except that women assigned the MRP had greater quadriceps strength than women assigned to UC (Table 3 ). The MRP + UC group had higher ambulatory and mobility function than the UC group, but this difference did not reach significance.
The 15 patients in the MRP + UC group received 3 MRP sessions/ week in addition to their usual PT sessions. This resulted in more total sessions (401 vs. 258), but not a significantly greater number of sessions/week than UC (6.7 ± 2.4 vs. 4.9 ± 2.7, p = 0.06, Fig. 1 ). Of the 32 patients enrolled, 3 in the MRP + UC group and 9 in the UC were discharged from the LTACH facility prior to their 2-week assessment, thus providing only baseline data. Six patients were discharged from the MRP + UC group and 2 from the UC group between weeks 2-4, 2 patients from the MRP + UC group and 3 from the UC group between weeks 4-6, and 4 from the MRP + UC group and 1 from the UC group between weeks 6-8. Two patients from the UC group remained in the study for 8 weeks and remained in the LTACH.
Changes in mobility and strength
Those assigned to the MRP + UC group demonstrated greater increases in handgrip strength (3.6 ± 5.4 vs.1.3 ± 4.9 kg; p = 0.20), gait speed (0.13 ± 0.16 vs. 0.07 ± 0.20 m/s, p = 0.41), and 6MWD (40.6 ± 65.1 vs. 19.9 ± 54.2 ft., p = 0.33), but no appreciable difference in change in SPPB score (1.1 ± 2.3 vs. 1.4 ± 3.1 points, p = 0.87) compared to those in the UC group. None of these changes reached statistical significance.
Differences in ventilator weaning and discharge status
The patients in the MRP + UC group were on the ventilator for fewer days (median: 17 vs. 56 days, P = 0.07), and 13 of 15 in the MRP + UC group weaned successfully compared to only 7 of 17 in UC group (87% vs. 41%, p b 0.01). A higher proportion of patients in the MRP + UC group (8 of 15) also went home compared to the UC group (2 of 17; 53% vs. 12%, p = 0.05). A greater percentage of patients from the UC group were readmitted to ICUs compared to the MRP + UC group (41% vs. 27%, p = 0.39). Of the patients that were ambulatory at baseline in the intervention group all 7 patients (100%) were successfully weaned from PMV in the MRP + UC group compared to only 3 (3/6, 50%) in the control group at the end of their study participation (100% vs 50%, p = 0.07). Of the patients who were ambulatory at baseline 4 patients in the MRP + UC group were discharged home (4/7, 57%) compared to only 1 (1/6, 17%) in the control group at the end of their participation (57% vs 17%, p = 0.26).
Relationship of functional outcomes to weaning and discharge status
To identify the functional measures that predicted ventilator weaning and discharge home independent of group assignment, posthoc subgroup analyses compared the changes in functional outcomes and mobility regardless of treatment group between the patients who successfully weaned from PMV to those who did not wean, and those who went home vs. those who were discharged elsewhere or remained in the LTACH after 8 weeks. The 20 patients from both groups (13 MRP, 7 UC) who were weaned from PMV had significantly greater increases in handgrip, gait speed and 6 MWD than the 12 patients who did not wean, and the 6.3 -fold greater change in SPPB score approached significance (Table 4) . Furthermore, the 10 patients who went home (8 MRP, 2 UC) had significantly greater increases in handgrip, gait speed, 6MWD and SPPB than the 22 patients who were discharged elsewhere. Improvements in basic mobility and functional maneuvers of ambulation, standing, and handgrip strength were the strongest predictors of successful weaning and discharge home (Tables 4 and 5 ) Improvements in all other mobility measures except rolling and sitting predicted discharge home, but not weaning from PMV.
Discussion
This study provides preliminary evidence that that the addition of a progressive, disability-targeted MRP to usual physical therapy is associated with higher rates of weaning success from PMV and discharge home in select middle-aged and older patients with ICUAW. Those who participated in the MRP demonstrated almost 3-fold greater improvements in handgrip strength, and 2-fold improvements in gait speed and 6MWD compared to the UC group, findings all of which trended toward statistical significance. In secondary analyses, significantly greater improvements in ambulation, standing and handgrip strength occurred in the patients weaned from PMV and those who went home than in those who did not, regardless of group assignment. This suggests that adding an MRP that combines principles of rehabilitation with exercise science into the care of patients with ICUAW in LTACHs is not only feasible and well tolerated, but also results in improvements in functional measures that are associated with better clinical outcomes and prognosis. The clinical outcomes of successful weaning and discharge home likely occurred in the MRP + UC group because the patients got 3-fold stronger and showed 2-fold greater increases in ambulatory function than the UC group. This suggests that the responses were significant with respect to the most important clinical outcomes -weaning and discharge home, but the heterogeneous responses and small sample size limited power for the heterogeneous functional measures. However, the post-hoc assessment of the clinical improvements across MRP + UC and UC groups demonstrated these functional improvements were significantly greater in patients who successfully weaned or went home. Further, the ambulatory and basic mobility measures, as reflected by the 1.45 and 2.19 odds ratios seen for SPPB, more strongly predicted weaning and discharge home. This suggests that while the addition of this MRP to usual care is more efficacious than usual care alone in improving clinical outcomes of ventilator weaning and discharge home in older patients with ICUAW, those patients in the UC group who achieved these functional improvements could be weaned and discharged home. A larger sample size will be necessary to assess which functional gains are the best intermediate markers of clinical improvement in this population, and to determine the optimal frequency, duration and intensity of the delivered intervention. It is also likely that the outcome measures we chose (SPPB, 4-m gait speed, handgrip and 6MWD) have floor effects due to the severe weakness and functional impairment of this patient population, thus limiting the prognostic ability of these tests [14, [31] [32] [33] [34] .
Several studies report the effects of incorporating more vigorous rehabilitation programs into the management of severely weak survivors of critical illness receiving PMV. One single arm, prospective study shows that PT focused on ambulation delivered to a cohort of 150 patients with ICUAW in which 69% received PMV improve walking function, muscle strength measures (Medical Research Council scores and handgrip), gait speed, and 6MWD [22] . Although the lack of a control group limits its generalizability, it is the largest study of its type utilizing a progressive PT program with repeated assessments every 2 weeks in patients with ICUAW. Two cohort studies, one prospective [35] in 77 patients and the other retrospective [36] in 49 ICU survivors requiring PMV show that rehabilitation interventions that incorporated mobility and strength exercises result in weaning rates of 74% and 100%, comparable to the 87% achieved with the current MRP. Three randomized controlled trials (RCTs) in mechanically ventilated patients with ICUAW compare the effect of rehabilitation interventions to usual care on clinical outcomes of weaning and discharge home. Two studies demonstrate weaning rates of 22% [23] and 75% [20] in the intervention groups, while the other did not report weaning as an outcome. These trials varied in the delivery of the rehabilitation intervention, ranging from 10 sessions lasting 15-25 min each, to 30 sessions lasting 30 min a session over 6 weeks. Our study planned to incorporate up to 24 sessions lasting 45-60 min each over a period of 8 weeks, but discharge home and to other facilities limited completion to b6 weeks in most patients. Similar to the current study, these three RCTs incorporated upper and lower limb strengthening exercises (light weights, resistance training) and mobility training (rolling, sitting at edge of bed, sit to stand, gait training when appropriate) and respiratory support during rehabilitation. Only one other study also incorporated cardiopulmonary training using upper and lower extremity cycle ergometry, as we did, to increase endurance [21] . Although the three RCTs included respiratory muscle training in their rehabilitation programs, we did not incorporate such training. Despite this, the proportion of patients weaned or discharged home in the combined MRP + UC group is superior to these 3 trials and surpasses the 54% weaned and 28% of patients discharged home in the largest multicenter outcomes study conducted in 1400 patients across 23 LTACH facilities nationwide [37] . Perhaps targeted respiratory muscle training is less important than the other elements of the MRP in improving weaning rates in mechanically ventilated patients with ICUAW, a view consistent with the latest pulmonary rehabilitation guidelines [38] . Progression of mobility from left-most column (Bed Dependent) to right-most (Ambulatory). Exercises categorized by row according to goals of therapy. Muscle strengthening and endurance activities utilized elastic resistance bands and light weights. All data expressed in mean ± standard deviation unless otherwise noted. All data expressed in mean ± standard deviation unless otherwise noted.
As our intervention group received both MRP and UC rehabilitation, it is possible that the combination of usual care PT with the MRP is necessary to provide additional functional and clinical benefits, that translate into better clinical outcomes. However, there was substantial variance in the number of group sessions that did not reach statistical significance, suggesting that the better clinical outcomes in the combined MRP + UC group are due to its progressive nature, higher intensity, and respiratory support, rather than the frequency of the rehabilitation sessions. The efficacy of the MRP added to UC in improving clinical outcomes for these debilitated LTACH patients is further supported by the differences in weaning and discharge outcomes observed in the patients in each group who were ambulatory at baseline, as more of these patients in the MRP + UC group weaned successfully from PMV and went home compared to those in the UC group. Furthermore, our findings in the LTACH setting differ from those of Morris et al. [39] who implemented an intensive physical therapy program in the ICU setting that incorporated sessions several times a day, including weekends. Despite the increased frequency and intensity of their program, there was no improvement in length of stay, the primary outcome. This further emphasizes that the nature of our MRP may be of greater importance in improving clinical outcomes in patients with ICUAW recovering from critical illness than the total number of therapy sessions. A larger randomized study will be needed to test this hypothesis.
Multidisciplinary strategies are needed to assess, prevent and manage pain, agitation, delirium, and weakness in patients requiring PMV cared for in LTACH facilities [40] . The results of this study suggest that an MRP that combines progressive physical rehabilitation with exercise is feasible, and can potentially promote ventilator weaning success, and increase rates of discharge home from LTACHs. Just as mobility-based physical rehabilitation improves outcomes early in the course of an ICU stay [15, 41] , the current results suggest such therapy also is of clinical benefit in the late recovery phase of disabled, older ICU survivors. Our results suggest that the implementation, rather than the timing of physical rehabilitation as originally thought (early vs. late in the course of critical illness), may be the key to promoting recovery.
The pilot nature and small sample size of this study limited our ability to detect significant differences in the comparison of functional outcomes between the MRP + UC and UC groups. As a small pilot study, this trial was limited in resources, as evidenced by the allocation of two enrolled patients to UC due to unforeseen staff limitations. We are encouraged by the outcomes of this pilot study, which suggest that a larger, definitive clinical trial evaluating the MRP for long term, ventilator dependent patients seems warranted. This is based on several factors: 1) more physical therapists/personnel would have allowed more frequent measurement of functional and other quality of lifestyle parameters, as well as follow-up of patient outcomes after discharge from the LTACH; 2) the intermediate nature of outcome measures themselves (handgrip, SPPB, 4 gait speed, and 6 MWD) reduced their sensitivity (floor effect) to detect smaller, meaningful changes; and 3) other assessments, such as the Functional Status Scale for the ICU [42] , the Chelsea Critical Care Physical Assessment [43] , and the ICU mobility scale [44] may have provided additional insights into these patients' functional status and response to our rehabilitation program, but were not yet validated in this population or available at the start of this pilot. Lastly, although feasibility of the MRP may be questioned since only 15% of those who met criteria enrolled into the study, we maintained strict inclusion and exclusion criteria, since we did not have ample therapists to insure patients' safety if we enrolled more functionally impaired patients who might not safely tolerate the MRP. Thus, we excluded patients with cognitive impairment or survivors of catastrophic neurologic events such as intracranial hemorrhage, traumatic brain injury, and stroke who may be unable to voluntarily participate in comprehensive whole body functional assessments and physical rehabilitation. To provide greater generalizability of the MRP, staff and facility accommodations will be needed to safely enroll patients with functional limitations in individualized, lower level rehabilitation programs tailored specifically to their specific functional or neuromuscular impairments.
Conclusion
These findings suggest that the addition of an MRP, which combines strength, endurance, and mobility training, to usual rehabilitation programs for middle-aged and older survivors of critical illness with ICUAW in the LTACH setting is feasible, and improves weaning success from PMV and discharge to home compared to usual care. Thus, a larger, Phase II investigation of this intervention seems warranted to fine tune the intervention by identifying intermediate and long-term outcomes toward which rehabilitation should be directed, as well as the mechanisms that underlie the clinical improvements observed with this multimodal rehabilitation program.
Supplementary data to this article can be found online at https://doi. org/10.1016/j.jcrc.2018.07.006.
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